
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 130.237.165.40

This content was downloaded on 27/08/2015 at 07:19

Please note that terms and conditions apply.

On a Method of Measuring the Thomson Effect

View the table of contents for this issue, or go to the journal homepage for more

1912 Proc. Phys. Soc. London 25 44

(http://iopscience.iop.org/1478-7814/25/1/304)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1478-7814/25/1
http://iopscience.iop.org/1478-7814
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


44 MR. 11. REDMAYNE NETTLETON ON A 

IV. On a Method of nleasuriny the Thomson E&$. BY 
H. REDMAYNE NETTLETON, B.Sc., Assistant Lecturer in 
Physics at Birkbeck Colleye. 

RHCEIVED OCTOBER 8, 1013. ~ ~ E A D  NOVEblEER 8;  191.1. 

1. Jntrcduction. 
2.  Theory of Method. 
3. Description of Apparatus. 
4. Practice of Method. 
5. Results of Experiment. 
6. Discussion of Methcd and Results. 

1. Introduction. 
(a) When a current of electricity passes down a conductor in 

which a temperature gradient is maintained, the stationary 
value of the temperature at  any place is dependent to  a small 
extent on the direction of the current, for heat is evolved or 
absorbed in accordance with the Thomson effect. 

Lord Kelvin expressed the relation between the heat evolved 
or absorbed, the temperature gradient and the current in the 
form dQ =Cr * do, where d Q  is the heat evolved or absorbed per 
second by a current, C, in passing between two sections differ- 
ing in temperature by do. The quantity U which may thus be 
measured in calories per 1°C. per ampere-second is called the 
specific heat of electricity. 

Relative values of the Thomsoii effect in different metals 
have been obtained by Le Itoux,* Trowbridge and Penrose,? 
and Battelli,; the last named experimenter indeed attempting 
to obtain an absolute value by measuring directly the heat 
produced by the effect in a given time in a definite portion of a 
bar under temperature gradient. It must be remembered, 
however, that  the heat prcduced by the effect a t  once spreads 
down the conductor and influences the quantity of heat propa- 
gated by conductivity, time being required for a steady state to 
be obtained, and it can be shown that,, besides the intrinsic 
difficulty of measuring directly such a small quantity of heat as 
that  produced by the effect, Battelli’s method does not fall 

Truwbriclgu and I’CIlI’IJSC, “ Phil. .\hg.,’’ 3 Sur., \’d. XLV., [ I .  440, 1XS2. 
l%attclli, “ Auc d. dcllr Scsi. cli ‘L’iirino, .Itti,” V(i1. XXII., p. 51%. 1 Y Y 7 .  

* Le Itoux,  ‘‘ . \ i i i i .  clc: Cliiniic: c t  t l r  Pliys.,” X., 1’. 23s ( lhlj7) .  
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into harmony with the differential equation of distribution of 
temperature down a bar conveying an electric current-an 
equation first obtained by Verdet and given in his “ Theorie 
MQchanique de la Chaleur.” Hsga* has devised a method, 
very general in its application, by which the specific heat of 
electricity can be obtained in absolute measure by comparing 
the change of temperature a t  a point when a current flowing 
down a conductor under temperature gradient is reversed with 
the rise in temperature produced by a current when the con- 
ductor is at uniform temperature throughout. Absolute 
measurements of the Thomson effect based on this method or 
011 modifications of it have been made by Laws,? Lecher,: 
Schoute,s Berg,I/ and Aa!derink,B while Callendar has devised a 
method based conjointly on Verdet’s equation and the variation 
of electrical resistance with temperature which has been suc- 
cessfully carried out by King.** 

The object of the present communication is to show: (a) 
That the modification of temperature gradient due to the heat 
produced or absorbed by the Thomson effect in a conductor of 
uniform cross-section passing throngh two constant tempera- 
ture sources is exactly similar to the modification of gradient 
which would be produced by a definite slow uniform movement 
of the conductor itself in the proper direction. 

( b )  That for exact similarity of disturbance of gradient by 
impressed velocity and Thomson effect respectively-or for 
exact neutralisation-the following simple relationship holds : 
Current of electricity in amperes - Specific heat of electricity. 
Material flow of conductor in Specific heat of material of 

(c) Thi t  by working in the following manner the impressed 
velocity method may be applied to mercury to measure the 
absolute value of the spacific heat of electricity, however large 
the Joule effect may be or whatever the emissivity loss :- 

1. A current of C amperes is passed down a column of mer- 
cury heated a t  the top and maintained cold a t  the bottom. A 

* Hag&, ‘‘ Ann. de I’Ecole Polyt. de Delft,” I., p. 145, 18% ; III., p. 43 

__. - _ _ _  -. -- -- - -___-___. 

grammes per second. conductor. 

- 
1886. 

t Laws, “ Phil. Mag.,’’ Vol. VII., p. 560, 1904. 
f Lecher, “ Ann. d. Phyaik,” XIX., p. 853-867, 1906. 
5 Sehauk, “ Arzhives N&crlnndaises,” Skrie II., p. 175, 1907. 
11 Bcrg, “ Ann. d. Physik,” XXXIL-XXXIII., pp. 477-519, Junp, 
T[ Adderink, “ Arshivcs Ndcrland2ises,” S6rie II., p. 321, 19!0. 
** King, Amcr. $cad., Pros., XXXtII., p. 353, 1893. 

1910. 
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thermo-junction a t  a point near the middle of the gradient 
registers the temperature. On reversing the current the tern- 
perature is slightly raised, say, by AOl. 

2. The current being still maintained (reversed) to keep the 
Joule effect and emissivity constant, a flow of mercury of, say, 
m grams per second is started up the tube, the temperat& 
falling when the steady state is attained by no,. 

I t  can then be shown that : 
2Cr - AOl 
ms A02’ 

- __ 

and so (T is easily calculated. 
The ratio of the two temperature changes can easily be made 

the ralio of two galvanometer deflections. By the use of two 
vertical columns in the form of an inverted U the sensitiveness 
is increased and the thermo-electric work is much simplified. 

2. Theory of the Method. 
Consider a vertical column of mercury flowing down a 

uniform glass-tube, heated a t  the top and cold at the bottom. 
The flow is very slow, so that the temperature changes produced 

I Gold I 
Enclosur 

Fra. 1. 

by it are very small, and the character of the isothermals is not 
appreciably altered by it, in which case i t  is immaterial whether 
the flow is parabolic or otherwise.” A current C amperes is 
also passing down the column. 

I ?  

*Ncttlcton, “Phil. Mag.,” p. 690, April, 1910. 
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Let K=thermal conductivity of mercury. 
s=specific heat of mercury. 
v=specific heat of electricity in mercury. 
A=cross-section of the tube. 

Let m=mass of mercury crossing a section of the tube per 

The heat which enters per second a small prism fixed in space 
second. 

of depth 6x and temperature 0 is :- 
(a)  Due to conductivity - RA- a8 -. 

ax 
( b )  Joule effect heat. If S=specific resistance of mercury, 

and a be the temperature coefficient of resistance, the resistance 
of the prism=S(l+aO)dx/A : so if J is the number of joules 
equal to a calorie the heat’ produced in this way 

C2S 6 X  
= J(l+ae)-. A 

de 
( c )  Thomson effect heat = - Cu- 6x dx 

(U is assumed to be positive). 
( d )  Flow effect heat=msO. 
The heat leaving the prism per second is :- 
(a)’ Due to  conductivity -KA- d 0+6x-- do . 

ax( ax) 
(b)’ Flow effect heat =ms 8+6x. - - ( 2) 
(c)’ Due to emissivity =Ep(O- 00)6x, 

where O,=temperature of the enclosure, 
p=perimeter of tube, 
E =Newtonian coefficient of emissivity. 

Equating t,he ,heat entering to the heat leaving, we obtain 
the differential equation pertaining to the steady state, which 
map conveniently be written- 

where 

1 c2s 
KA JA c=- - [ - +EpOo]. 
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If all temperatures be reckoned from the cold source as zero, 
8, be the temperature of the hot source, and L the distance 
between the sources that is t’he entire length of the temperature- 
gradient, the temperature 8 a t  a distance x from the higher 
source is given by the following general solution :- 

a x  a( Y - L) 

ax 

0,e-T sinh I(z-L) c + b j  
- .  

sinh izL 

where 

If now we assume that the Thomson effect and flow effect 

are so small that the terms _aL are small compared with 2 ’  2 
unity-and this condition is adhered to throughout the experi- 
ment-we may without making any approximation as to the 
magnitude of t,he “ b ” and “ c ” terms of t)he differential 
equation write the solution in t,he form, 

or more shortly 
B=aF+f, 

where E’ and f are functions of el, x, L, b, c, but not of the “ a ” 
term in the differential equation. 

This solution forms the basis of the method the values of 
B and f not being required as long as they are kept constant 
throughout. In  general F and f are complex, but if it be 
assumed in addition that the emissivity loss is small and that 

consequently the term - is small compared wit,h unity a most 

useful solution may be obtained- 

6=aF(6,, 5,  L, b, c)+f(O,,x, L, b, 4, 

bL2 
6 

O=8, (7 ---I )5;L+8,(!?pI)( - 
2-L L. ) bz(2L-”) - . 

a 
2 + - (L - 22) kcx(2 - L)+ gCz(2- L). 

This solution is most useful in showing the effect of the “ b ” 
and “ c ” terms, and in estimating the rise of temperature at a 
point due to reversing a current or due to superimposing a flow. 
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Case of Two Parallel Tubes. 
Consider two parallel tubes, A and B, through which thermo- 

junctions are inserted near the middle of the respective s a -  
dients. 

The temperature a t  “ a ” when a current is passing down the 
tube is given by O=ccF+f, and a t  “ B ” likewise when a current 
or flow is passing down by O’=a’F’+f’. When a current is 

FIG 2. 

passing down A it will be passing up B, and hence if p is the 
ratio of the cross-section of A to the cross-section of B, for all 
values of current and flow we have 

ai= -pa. 

We may now easily express the difference of temperature 
between “ U ” and “ /3 ” for the following three cases, making 
use of the suffixes e, w to indicate respectively an electric 
current or flow of mercury down A and hence up B. 

State of Electric 
hrrent or Flow 

(1) 
Current down 

A and u p  to  B 
(2) 

Current up A 
and down B 

(3) Current up A 
and down B ; 
Flow of mer- 
cury down A 
and up B - 

~~ 

Temporaturo of U. 
~ 

Temperature of p .  Difference of Tem erature 
between a an$ B. 

ABc =ac(F +/*F’) +f- f‘ 

A8-c = - n,(F + pF‘) + f-f’ 

VOL. xxv. B 
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Xow, A0,- AO-, is measured directly by the deflection of the 
galvanometer spot on the scale ; call this deflection d ; it  is 
the deflection due to reversing the current’. 

Similarly, AO,-”- 110-, is the deflection caused by super- 
imposing a flow nn the reversed current ; call this deflection a,. 

TilCll dc =2a, (F+p*F’) 
aud d‘ =a, (I?+@’), 

and hence 

or 

In each experiment several values of d, and of mld, are found, 
and the mean of each set used in t,hc calculation for r. 

3. Description of Apparatus. 
The apparatus, which has been greatly modified during the 

progress of the research, will be seen on reference to Fig. 3 
to  consist essentially of two parallel glass experimental tubes 
TI, T,, clamped at  their lower ends within the large zinc vessel 
V, and passing above into an  annular heater, A, near the top of 
which they are joined by an  inverted U piece. The left-hand 
tube T, is joined below by wide pressure tubing to the glass 
head H, while the right-hand tube T, is similarly connected to  
the glass bulb tube B, and thence by narrow pressure tubing 
to  the system of capillaries, which form the flow resistance. 
The mercury, which fills the apparatus, may be made to convey 
an electric current, which enters by the head H, and leaves the 
bulb tube B by eight platinum wires fused through the glass and 
dipping below into the inercury reservoir D. By releasing the 
pinch cock F, the mercury may be caused to flow slowly from 
the head H, througli the apparatus and the attached capillaries. 
When the vessel V is full of cold water, and steam is circulating 
through the annular space of the heater A, a temperature 
graaient, about 8 cms. iong, ia obtained in the middle of the 
experimental tubes T, and T,, temperature changes near the 
middle of each gradient being measured by the tliermo-junc- 
tions TJ1, T,,?, of iron and constantan sealcd through the glass 
tubes. 

The following is the method of preparing and mounting the 
cxpcrimciital tithes, great care being taken in the insertion 
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and insulation of the thermo-junctions. A cane of glass, as 
uniform in cross-section as possible, the internal diameter 
being just under 7 mm. and the external diameter about 1 cm., 
was divided into four parts. Two of the parts were prepared, 
as shown in Fig. 4, by Nessrs. A. C. Cossor, Ltd., the iron 

- - - I  
C 

X 

FIG. 3.  

P 

and constantan wire beiilg passed through glass beads, the 
junction formed, and the insertion effected with a minimum 
upset of internal cross-section. The wires were in the same 
vertical plane, the junction being about 3.5 cms. from the 
nearer end of the tube and some 25 cms. from the further end. 

D -2 
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Several such tubes have at  different periods been supplied to 
the author, and the glass work brought to such perfection that 
in the tubes used in the present apparatus internal distortion 
was hardly visible. The next procedure was the insulation of 
the wires within the tubes, which was effected first with a 
thin layer of black club enamel, which flows very easily, and 
then, after drying with hot air, with a coating of red household 
hard enamel, use being made of a very h i e  camel-hair brush. 
Practice was required before neat insulation could be carried 
out and rough or unsuccessful coatings of enamel could easily 
be dissolved away by ether. The tubes, after thorough drying, 

FIG. 4. 
werc rcturncd to the glass-blower, who skilfully joined on the 
top portions with inappreciable disturbance and without 
affecting the insulation. The pressure tubing and corks MI, n2, 
M,, n, were then put on the experimental tubes, which were 
also passed through the loose holes of the large cork S. Both 
tubes being held vertically, they were adjusted relatively to  
one another until the thermo-junctions were as nearly as 
possible in the same horizontal line : thus fixed by the double 
clamp C they were returned to  the glassblower to be joined 
together by a U piece. 

The apparatus was now filled with mercury, which had been 
distilled and purified by falling in fine drops through dilute 
nitric acid, and the clamp holding the tubes was then itself 
clamped at a convenient height on the fixm iron upright fixed 
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within the zinc vessel V. The annular heater was now lowered 
down its supporting pillars I?,, I?,, towards the cork S, which 
could easily be made t o  fit it by adjusting the position of the 
outer vessel X and its contents. The heater and cork '' S " 
were then lowered to  the h a 1  position, the corks nl,  n, being 
brought up against the cork S, and closing the space above to 
air currents. Cotton wool was carefully wound round the tubes 
between the corks as well as round the annular heater, under- 
neath which were soldered concentric strips of gauze formiiig 
a hold for cotton wool, which could be packed into the spaces 
lying between them and the outside of the cork S. The vessel 
V was filled with cold water up to the middle of the corks 
M,, M,, which had previously been boiled in paraffin wax. 
By covering the water with a layer of Flews-pump oil its 
evaporation into the cotton wool above was prevented. 

The two constantan wires were joined toget,her a t  W, and the 
two iron wires lead away to the copper leads shown in the 
diagram, the junctions of copper and iron being side by side in 
two glass tubes J, J, immersed in water in the Newton annular 
cooling calorimeter R. The ends Cn, Fe,, Fe, of the wires were 
of use only when the actual temperature of the junction TJ1, 
T,, were required. The iron constantan couple has not only 
the merit of being suitable for fusing through glass, but also 
possesses a remarkably high thermo-electric power-some 
50 microvolts per degree centigrade-the relation between 
electromotive force and temperature being for the range 
0'-100'C. strictly linear. 

The galvanometer was a quartz fibre mirror instrument of 
the Broca type, thc, equivalent resistance of the two coils in 
parallel being 8-28 ohms, and the sensitiveness such that a 
micro-ampere produced about 11 cms. deflection on the scale 
distant nearly 2 metres from the mirror. The resistance of the 
rest of the circuit was 1.18 ohms, and a degree alteration in 
difference of temperature between the t'hermo-junctions was 
represented by 60 cms. deflection. There was no movement 
of the galvanometer mirror on quickly reversing a current of 
8 amperes whether the galvanometer circuit was open, closed, 
or short-circuited, thus showing both that the instrument was 
sufficiently far away from the experimental tubes t o  render 
magnetic disturbance negligible, and that the insulation of the 
thermo-junctions was satisfactory. 

An operation of importance is the adjustment, when steam 
is passing through the heater of the thermo-junctions TJI, TJD 
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to tbe same temperature, so that when the galvanometer 
circuit is closed the line of light is suitably situated on the scale. 
It was anticipated that this would be troublesome, and earlier 
apparatus was so designed that each experimental tube could 
be raised or lowered relatively to the other Experience showed, 
however, that this was absolutely unnecessary, for if the junc- 
tions were set by eye to be as nearly as possible in the same 
horizontal line, the fine adjustment could easily be made by 
reducing the emissivity loss on one tube or the other by the 
addition of a small piece or two of cotton wool, inserted with 
the aid of a knife or prong, to  that already round the tubes 
between the corks. This method of adjustment is not only 
convenient, but also brings out most clearly the need for com- 
plete firmness and rest of the wool during an experiment, 
emphasising the necessity for protection from draughts, con- 
vection eddies and vibration. 

The currents used during the research varied from 4 to  
9 amperes, and were derived from the 100-volt mains in series 
with which were a woven-wire resistance with six steps, a 
0-20 ohm rheostat in 4 4  steps, a standard T A u  ohm resistance, a 
hot-wire ammeter, and the reversing commutator and main 
apparatus. In  multiple arc with the woven-wire resistance 
were a water resistance and 0-1 Weston ammeter, the water 
resistance in which the distance between the zinc electrodes 
could be varied forming a most suitable h e  adjustment for 
the current in the main circuit. During the night the current 
from the mains was much steadier than during the day, but 
prior to  any reading t,he current was for some time closely 
watched and regulated if necessary by the water rheostat. 

It remains to  describe the method of obtaining a constant 
flow, which will cause temperature changes of the same order 
as those produced by reversing a current of 5 or 6 amperes. 
Calculation shows that a flow of 1 gram per hour is about the 
equivalent of reversing 3 amperes, while before it was decided 
to  proceed with the method, preliminary experiments made 
two years ago showed that flows of mercury of about 2 grams 
per hour could be obtained constant to 1 per cent. without 
any special precautions. Most of t'he flows used in the appa- 
ratus described were as large as 3 4  grams per hour and, at 
least, constant to  one part in 150, but, what is more important, 
the ratios mean flow to galvanometer deflection produced by the 
flow were a t  least constant to 2 per cent., which is as high an 
accuracy as can be obtained in the value of the galvanometer 
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deflections produced by current reversals. It is interesting 
to note that an outflow of 5 grams per hour, which is faster than 
any used in the research, would roughtly mean a linear velocity 
through the experimental tubes of about P em. per hour. 
The flows then being very small, it is unnecessary to maintain 
a constant head by any overflow arrangement, but the head 
tube H was allowed a width of about 5 ems. The resistance 
consisted of about 2 metres of thick-walled thermometer tubing 
of fine bore, on to which was joined by pressure tubing a piece 
of ordinary glass tubing drawn out into a very fine capillary 
over 8 metre long. The last and finest portion of this capillary 
lay on a wooden inclined plane, by altering the inclination of 
which the value of the flow could be mcdified. The drop 
period varied from about 4 to 8 seconds, according to the mag- 
nitude of the flow which was measured, as described in the next 
section. 

4. Practice of the Method. 
An experiment was usually started between three and four 

o’clock in the afternoon by preparing the boiler and starting 
the flow of steam through the annular heater. The current 
was started after steam had been passing for an hour, and after 
another hour the short-circuit plug of the galvanometer key was 
removed and the position of the line of light on the galvano- 
meter scale examined and modified, if need be, by the addition 
of a little piece of cotton wool to one side or other of the sur- 
roundings of the experimental tubes. Even after the attain- 
ment of the steady state the galvanometer needle still showed 
signs of irregular movement, but towards 10 at night the deflec- 
tion became much steadier, and it was possible to  proceed with 
the experiment. This “zero movement” has caused the 
author, and many other experimenters on the Thomson effect, 
the greatest trouble ; in earlier apparatus used in the research 
it was large and progressive, and was attributed in part to the 
warping of wood which supported the annular heater and glass 
tubes. In  the present apparatus the supports were all very 
stable ; convection currents fromthe heater were allayed by the 
free use of cotton wool, and humidity changes within the wool 
were prevented by covering the water in the cooling tank wit11 
a layer of Fleuss pump oil. So great was the improvemellt 
brought about by the modification of the apparatus and by 
working a t  night that often, though not always, the needle 
would behave almost perfectly, good behaviour being illus- 
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trated by the reversal readings of Experiment IV., given in the 
next section, and relatively bad behaviour by the reversals of 
Experiment VI. 

The deflection having become steady, the statical part of the 
experiment or " the reversals " was proceeded with as follows : 
The needle of the ammeter in the main circuit was maintained 
by the water resistance in one o€ the branch circuits accurately 
on the current reading chosen, which was always an exact 
number of amperes, for some 10 or 15 minutes prior to taking 
the galvanometer deflection. When this had been read the 
commutator was reversed and the new steady state waited 
for-a period of about 35 minutes, during t,he last 10 of which 
the movement was very little. A uniform period of 40 minutes 
was allowed between each reversal, the current being closely 
regulated for 10 minutes before each reading. The deflections 
due to reversing the current were then found by subtracting 
the mean of two consecutive readings with the current in the 
same direction from the intermediate reading with the current 
in t.he opposite direction. 

Sufficient reversal readings having been obtained, and the 
current being in the direction causing t,he line of light to lie 
on the right-hand side of the scale, the dynamical or flow part 
of the experiment was proceeded with by observing the deflec- 
tion as before, short-circuiting the galvanometer, and releasing 
the pinch-cock whereby a flow of mercury through the appa- 
ratus could be started. The release of the compressed pressure- 
tubing evidently caused a momentary outrush of mercury, for, 
unless the galvanometer was short-circuited, the line of light 
was thrown off the scale towards the left. For this same 
reason, too, the velocity of the mercury was not measured 
until the flow had settled down. 

The method of obtaining the flow readings and flow magnitude 
is best illustrated by an example :-In Experiment I. the last 
reversal reading was at 1.0 a.m., when t,he deflection was 
9-75 t o  the right. The galvanometer was at once short-cir- 
cuited and the pinch-cock released very small drops of mercury 
commencing to fall from the end of t,he h e  capillary. By 
1.15 it  was safe to re-open the galvanometer circuit, theline 
of light being on the scale, but well t o  the left. At 1.25 the 
measurement of flow was commenced, a weighed watch-glass 
being placed under the end of the capillary as soon as the first 
drop after 1.25 had fallen. Meanwhile the deflection had 
approached a steady value, which, after 10 minutes watching 
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of the current, was read immediately after 1.42 as 19.7 to  the 
left ; the galvanometer was then short-circuited. The watch- 
glass was then carefully removed the moment the first drop 
after 1.45 had fallen, and the pinch-cock was then a t  once 
screwed up tightly. After 2 o’clock the galvanometer circuit 
was opened, and the h a 1  reading taken a t  2.25, after steadying 
the current, was 10.0 to the right. The intervals between 
galvanometer readings were thus practically equal, and the mean 
of 9.75 and 10.0 added to 19.7 gave the flow deflection 29.58 
corrected for zero change. This was now divided into 1.0674, 
the number of grammes of mercury outflowing in the 20 minutes, 
the values of M/d in the tables below thus being obtained. 
The above process was repeated, usually three times, using flows 
of different value, the modification of flow being easily effected 
by raising or lowering the inclined plane on which the end por- 
tion of the h e  capillary rested. 

That different values of M / d  should be obtained on different 
days is only to  be expected from the theory which shows that 
it will depend slightly on the current and emissivity alterations, 
but more largely and directly on the difference of temperature 
between the hot and cold sources. Similarly, in the statical 
experiment the ratio C/d is only theoretically and practically 
an approximate constant. Any change, however, which affects 
the ratio M / d  will equally affect the ratio C / d ,  so that changes 
of temperature in the room would in no way impair the accu- 
racy of the values obtained, provided the second part of the 
experiment follows on immediately after the first. 

At the conclusion of the flow portion of the experiment the 
actual temperature of each thermo-junction was found by 
balancing its electromotive force against that of a similar 
junction tied to a good standardised thermometer immersed 
in hot water in a long cylindrical vacuum vessel. 

The actual current values taken were not based on the read- 
ings of the hot-wire ammeter but on the electromotive force 
across the standard &a ohm resistance as measured on a Paul 
millivoltmeter, which could not always be spared from the 
laboratory until late in the evening. This millivoltmeter was 
most carefully calibrated, both before and after the series of 
six experiemnts, on a Crompton potentiometer against a new 
Weston cell, which agreed to one part in 400 with an older 
Clark cell. 

The only other value required before calculating the value 
of c is s the specific heat of mercury. This is taken as 0.03294, 
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0.3 

8.0 

0.2 

9.15 

9.15 

10.25 

1 0 4  

9.9 

10.0 

9.75 

which is Barnes" value at  62°C. and which agrees very closely 
with bhe value given by Winkelmann. 

5. Results of Experiments. 
The first table given is a verification of the equation €J=al!+/ 

for flows, and shows that they are small enough to permit of the 
one approximation made in the theory of the method. 

19.20 
18.93 
19.30 
19.36 
1948 
19.10 
19.15 
19.03 

Hour, Galvanoniotcr 
readinp  

9.55 
10.37 
11.20 
12.2 
1245 
1.27 
2.10 
2.52 
3.35 
4.17 
5.0 
5.42 
6.25 
7.7 
7.50 

19.85 

17.2 

17.2 

17.65 

18.05 

18.60 

19.60 

19.25 

22.2 

21.5 

15.0 

6.3 

6.45 

2.65 

9-48 

40.58 

38.70 

32.43 

24.15 

24.73 

21.76 

28.88 

i a s j  w t f l o w i q  
in 20 min. N. 

148S5 

14194 

1.2024 

0.8884 

04984 

0.7978 

1.0082 

Mld. 

0.0367 

0.0367 

0.0371 

04368 

0.0363 

0.0367 

0.0370 

In this experiment, which proves t,hat the flow of mercury 
is proportional to  the temperature change it produces, no 
electric current was running. 

The results of six consecutive experiments using differing 
currents are now given :- 

Experiment I .  
Date June 12-13, 1912. 
Temperature of thermo-junctions, 60.2"C. 
Magnitude of current, 6.24 amperes. 

TABLE A.-Reversal.-. 
Deflection 

d ,  due to reversal of current. I Hour. I Galvanometer readings. 1 
7.0 
7.40 
8.20 
9.0 
9.40 

10.20 
11.0 
11.40 
12.20 
1 *o 



METHOD OF M~ASURING THE I'HOMSON EFFECT. 59 

Hour. readings. 

11.15 16.1 
11.55 6-75 
12.35 15.8 
1.15 6.50 
1.55 16.0 
2.35 6.50 
3.15 16.35 

Hour. 

1.0 
1.42 
2.25 
3.7 
3.50 
4.32 
5.15 
5.57 
0.40 

- 

Deflection 
d, due to  reversal of current. 

22.70 
22.43 
22.40 
22.50 
22.68 

whence 

Height of capil- 
lary tube altered 

by accident. 

13.0 

13.28 

17.45 

17-70 

18.18 

Galvanometer 
readings. 

Not taken. 

30.58 

31.18 

9.75 
19.7 

9.4 

21.4 

19-85 

10.0 

11.6 

11.2 

11.0 

12.10 

12-85 
18-15 

TABLE B.- 

Deflection. 

30.25 

30.93 

29-58 

20.20 

32.8 

30.95 

'ZOtl>S. 

Mass &I outflowing 
in 20 mins. 

1.0674 

0.7248 

1.1552 

1*1080 

. Mean value of M/d=0*0357[5. 
0,03294 19.14 0.03575 

TTr-Y-Y- 

2 " 6.24 " 1200 . v -  

=0~00000151. 
Experiment I I .  

Date June 14th and 15th. 

M/d. 

0.0361 

0.0359 

0.0352 

0.0358 

Mean value of d,=22.54. 
TABLE B.-Flows. 

Hour. 

4-40 
5.22 
6.5 
6-47 
7.30 
5.12 
8.55 
9.37 

10-20 

Galvanometer 1 1 Deflection. 

I 18.0 1 

Mass 31 outflowing 
in 20 mins. 

Not weighed. 

1.0707 

1.1005 

1*0810 

1.0885 

I I 

Mean value M/d=0'0353. 

Mld. 

... 
0.0350 

0.0353 

0.0357 

0.0351 

whence ~=O~ooo00151. 
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Hour. 

4.15 
4.47 
5.40 
6.22 
7.5 
7.47 
8.30 
9.12 
9.55 

Experiment I I I .  
Date June 18th and 19th. 
Temperature of thermo-junctions, 63.7"C. 
Magnitude of current, 8.25 amperes. 

TABLE A.-Reversale. 
Deflection 

gC due to reversal of current. Hour. Galvanometer readings. 

M/d. Galvanometer Deflection. Mass M outflowing 
readings. in 20 mins. 

17.5 

17.4 

18.1 

17.7 

18.3 

19.15 3 6 4  I .3044 0.0356 

12.85 3 0 4  1.0908 0.0356 

13.9 31.8 1.1392 0.0338 

14.4 32.4 1-1703 0.0361 

10.10 
10.50 
11.30 
12.10 
12.50 
1 a30 
2.10 
2.50 

10.1 
16.2 

10.0 

10.1 

16.0 

9.75 

9.75 

10.05 

26.13 
25.85 
26.75 
25.80 
28.00 
26-10 

Mean value of d,=25*94. 
TABLE B.-Flows. 

Hour. Galvanometer readings. Deflection 
d, clue to reversal of current. 

10.0 
10.40 
11 a20 
12.0 
12.40 

1.20 
2.0 

16.65 

10.65 

16.45 

16.65 

1.05 

0.95 

0.95 

15.60 
15.55 
1560 
15.50 
16.60 

Mean value of d,=15.57. 
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M l d .  
-- 

Galvanometer 
readings. 

0.0365 

0.0369 

16.65 

17.25 

17.8 

18.1 

17.95 

5.3 

6-3 

13.95 

14.65 

1 

TABLE B.-Flows. 

Hour. 

2.0 
3.42 
3.25 
4.7 
4.50 
5.32 
6.15 
6.57 
7.40 

_- 

Mean value of M/d=0.0366. 

whence ~=0~00000153. 
Experiment V .  

Date, June 26th and 27th. 
Temperature of thermo-junctions, 60.6. 
Magnitude of current, 4.10 amperes. 

Deflection 

22.25 

23.53 

31.9 

32.68 

Mass M outflowing 
in 20 mins. 

0.8091 

0-8586 

1,1653 

1.2055 

TABLE -4.-Reversals. 

Hour .  1 Galvanometcr readings. 
I 

Deflection 1 
d ,  due to reversal of current. 1 

11.10 
11.50 
12-30 
1.10 
1.50 
2.30 
3.10 

17.85 

1 7 4  

170ti 

16.03 

5.45 

8-30 

5.5 

12.28 
12.22 
12.30 
12.20 
12.33 

___ 
Hour. 

3.10 
3.32 
4.33 
5.17 
6.0 
6.15 
7.25 
8.8 
8.50 

Mean value of dc= 12.28[6. 

, TABLE B.-Flows. 

Galvanometer 
rcadings. - 

18.05 

19.5 

13.78 

19.1 

1s.5 

0.2 

21.3 

18.2 

10.83 

Deflection. 
-- -- 

27.98 

40.44 

37-14 

33.43 

Mass I\I outflowing 
in 20 niins. 

1,0351 

1.3128 

1.3053 

14435 

0.0370 

0.0374 

0.0376 

0.0375 

Mean value of M/d-0.@374. 

whence a=040000154. 
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34.85 

39.29 

41.32 

38.98 

Experiment V I .  
Date, June 28th and 29th. 
Temperature of bhermo junction, 67.5"C. 
Magnitude of current, 9.26 amperes. 

1.2815 

14426 

1.5220 

1.4295 

Hour. 

9.10 
9.50 

10.30 
11.10 
11.50 
12.30 
1.10 
1.50 
2-30 
3.1 0 

--- 

4.1 
5.12 

7.24 
8.25 
9-26 

6-24 

TABLE A.-Rel;ersals. 
- 

0.00000154 
0.00000 153 

60.2 O.OC000151 
61.4 0~00000 13 1 

0~00000135 
A7..i 0~000001~9 

E ~ 

03.7 

Galvanometer readings. Deflection 
d, due to  reversal of current. 

9-4 
19.0 

10.5 

10.55 

9.90 

18.63 

19.15 

20.0 

28.95 
29.32 
29.16 
29.44 
29.38 
29.48 
29.33 

8.75 98.95 
20.4 I 

Mean value of &=23.25. 

The zero movement was worse than usual at night. 
TABLE B.-Flows. 

___- 

Hour. 

3-10 
3.52 
4.35 
5.17 
6.0 
642 
7.25 
8.7 
8.50 

______ 
Galvanometer 

readings. 

20.4 

224  

22.98 

23.2 

22.75 

13.45 

16.95 

18.58 

16.0 
______ 

Mass R1 outflowing Dcfloction. I in 2o mins. 
I 

- 
Mcan value of M/d=-0.03675. 

11 /d. 
- 

0*0367[7 

0*0367[ 2 

@036R[3 

0.0360[7 

The flows used were all large and more constant than usual. 

The results are summarised below :- 
This experiment gives cr = 0.00000 159. 

Current in 
amperes. 

Value of U i s  calories per ! Temperatl'rc* I degree Centigrade per coulomb. 
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of the experimental tubes from hot to cold had a similar effect 
to  reversing a current initially passing downwards. 

6. Disczission of Method ccnd Results. 
While the theory of the method is general, it  would seem 

limited in practice to mercury and amaIgams. Again it is 
more important than in Haga’s method that adequate time 
be allowed for the attainment of the steady state ; for if the 
time were insufficient the deflections due to current reversal 
would be too small, while the deflections due to impressed 
velocity would be larger than their ultimate value and so too 
low a value of the effect would be obtained. Probably this 
objection would disappear if the flows were started by slowly 
opening a tap. 

On the other hand, the flow effect and Thomson effect are 
similar terms in the equation of themethod, their influence on the 
emissivity loss being similar and negligible ; they can, moreover, 
be made to give deflections of the same order ; on the contrary, 
the Thomson effect and Joule effect are dissimilar and depen- 
dent, and in Haga’s method in which a comparison between 
these two effects is made a measurement of temperature gra- 
dient is necessary, and deflections of the same order can only 
be obtained at the expense of differences in emissivity con- 
ditions. In  practice the flow portion of the experiment has 
never presented the slightest difficulty, but much trouble has 
been taken in attaining suitable deflections on reversing the 
current and, above all, in securing consistency in their value by 
reducing to a minimum variations of zero. 

The author believes that the method will be very suitable 
for finding the vaxiation of Thomson effect with temperature, 
but has not attempted it with the present apparatus in which 
only the higher temperature source could conveniently be raised. 
Schoute’s results indicate that the variation with temperature 
is large,and i t  is thus not advisable to  determine the temperature 
coefficient by increasing the temperature-gap. Moreover, 
it is desirable to shorten the time needed for attainment of the 
steady state. 

The results obtained by the author are in fair agreement with 
those obtained by Schoute employing a modification of Hags's 
method. Schoutc obtained values, somewhat inconsistent, 
varying from as IOW as 0.00000134 a t  32°C. to as high as 
0.00000248 a t  154°C. the value changing from 0.00000160 at  
53°C. to 0~00000180 at  58°C. The only other experimenter on 



64 MR. H. REDMAYNE NETTLETON O N  A 

the effect in mercury is Haga, who, working as far back as 1885, 
obtained a value as low as 0.00000069 a t  78"C., but owing to 
the difficulties under which he worked his results are very 
inconsistent ; moreover, the Joule effect and Thomson effect 
temperature changes were measured under different conditions 
and in different ways, and what is serious in this particular 
method a very large upset of cross-section was caused by the 
introduction of his thermo-junctions. 

In conclusion, the author must express his thanks t o  Principal 
Armitage-Smith, for facilities for carrying out the work, all of 
which was done through the night ; to Dr. A. Griffiths, head of 
the Physics Department, for his great interest, and to Mr. J. L. 
Prescott, who, while at Birkbeck College, made valuable trans- 
lations of most of the foreign Papers referred to in the introduc- 
tion. 

ABSTRACT. 
In this Paper an investigation is made of the distribiition of tem- 

perature down a conductor conveying an electric current and a t  the 
same time moving uniformly through two fixed temperature sources. 
The effect of the Thomson heat on the distribution is seen to be 
exactly similar to the effect of a small impressed velocity. This result 
is applied to mercury to measure the Thomson effect by comparing 
the alteration of temperature A B ,  a t  a point near the middle of the 
gradient caused by reversing a current of C amperes with the altera- 
tion of temperature AB, a t  the same point due t,o a flow of mercury 
of m grammes per second. It is shown that,  without any approxima- 
tion as to emissivity loss or magnitude of Joulian heat, 2Cufms 
=M,fAe,, where s is the specific heat of mercury and D the specific 
heat of electricity. Working with currents of from 4 to 9 amperes 
and with flows of different magnitudes-but never exceeding 1 cm. 
per hour-consistent values of U are obtained, the value a t  61OC. 
being - 1.52 x 10-6 calories per degree Centigrade per coulomb. The 
thermo-junctions, which were of iron and constantan, were fused 
through the glass tubes with inappreciable distortion. 

D E  CUSS ION. 
The PRESIDENT stated that the Paper dealt with a difficult problem 

and gave an adequate and promising method of measuring the Thomhon 
( ffect, but he queried whcther it was justified t o  assume the velocity of 
flow was constant over the cross-section of the tube. 

Dr. A. GRIFFITHS stated that it was not assumed that the Lelocity 
over the cross-section was constant, but only that the temperature was 
constant, which on account of the extreme slowness of the flow would be 
justified. The author performed one experiment when the flow was 
stopped and obtained the same difference in temperature on reversing the 
current. 
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Dr. W. E. SUMPNER pointed out  that i t  was not realised how extremely 
slow the flow was-something of the order of 1 cm. per hour. 

Prof. C. H. LEES was struck with the ingenuity of the method, Them 
were, howcver, a number of small corrections to  be considered, such as 
the  heat transmitted through the glass. More accurate knowledge of the 
thermoelectric phenomena in liquids was urgently needed. 

Mr. R. S. WIIIPPLE inquired how the iron and consfantan wires were 
fused into the  glass tube to  which the Author replied. 
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